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ABSTRACT
XMM-Newton observations of five high-luminosity radio-quiet QSOs
(Q 0144−3938, UM 269, PG 1634+706, SBS 0909+532 and PG 1247+267) are
presented. Spectral energy distributions were calculated from the XMM-Newton
EPIC (European Photon Imaging Camera) and OM (Optical Monitor) data, with
bolometric luminosities estimated in the range from 7 × 1045 to 2 × 1048 erg s−1 for
the sample, peaking in the UV. At least four of the QSOs show a similar soft excess,
which can be well modelled by either one or two blackbody components, in addition
to the hard X-ray power-law. The temperatures of these blackbodies (∼ 100–500 eV)
are too high to be direct thermal emission from the accretion disc, so Comptonization
is suggested. Two populations of Comptonizing electrons, with different temperatures,
are needed to model the broad-band spectrum. The hotter of these produces what
is seen as the hard X-ray power-law, while the cooler (∼ 0.25–0.5 keV) population
models the spectral curvature at low energies. Only one of the QSOs shows evidence
for an absorption component, while three of the five show neutral iron emission. Of
these, PG 1247+267 seems to have a broad line (EW ∼ 250 eV), with a strong,
associated reflection component (R ∼ 2), measured out to 30 keV in the rest frame
of the QSO. Finally, it is concluded that the X-ray continuum shape of AGN remains
essentially constant over a wide range of black hole mass and luminosity.
Key words: galaxies: active – X-rays: galaxies
1 INTRODUCTION
The X-ray continuum in Seyfert galaxies has been well stud-
ied; in these objects, a hard spectral component dominates
the emission above ∼ 2 keV. A proposed origin for this com-
ponent is in a hot corona above the accretion disc surface, in
which optical/UV photons from the disc are Comptonized
to X-ray energies. A fraction of the hard X-ray power-law
continuum then illuminates the disc (and possibly a molec-
ular torus); some of these photons are absorbed, forming an
iron K-edge at > 7 keV, while others are reprocessed into
an Fe Kα line at 6.4 keV and a Compton reflection ‘hump’,
caused by Compton down-scattering of the hard X-ray pho-
tons (Pounds et al. 1990).
It has been found that, although these features are gen-
erally observed in Seyfert 1 galaxies (Nandra & Pounds
1994), they are less common in the spectra of QSOs (e.g.,
Reeves et al. 1997; Lawson & Turner 1997). In many cases
this could be related to a lack of signal to noise, but it is im-
portant to determine whether such features are ubiquitous in
QSOs and, hence, whether this emission mechanism is com-
mon over the full range of Active Galactic Nuclei (AGN)
luminosities. Observing the most luminous QSOs allows an
investigation into objects where the accretion rate may be
close to the Eddington limit and/or where the black hole
mass may be large (i.e., ∼ 109 M⊙).
Work with ASCA (e.g., Reeves & Turner 2000) found
evidence for iron-line emission in a number of QSOs, but
often originating from ionized material, rather than the cold
emission found for Seyferts. If this were true in general, it
could be explained by the more luminous AGN having a
higher accretion rate, which causes the surface of the disc to
become ionized.
The QSOs in this paper form a small sample of high-
luminosity, radio-quiet objects, with X-ray luminosities from
7 × 1044 to 3 × 1046 erg s−1 (bolometric luminosities of
7 × 1045 to 2 × 1048 erg s−1); the redshifts cover a range
from 0.244 up to 2.038. Radio-quiet objects form the ma-
jority of luminous AGN (e.g., Kukula et al. 1998), but are
less X-ray luminous than their radio-loud counterparts, for
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Figure 1. The plots show the ratio of the data to a power-law model, fitted over 2–10 keV in the rest frame. Extrapolating the power-
law fit over 0.2–10 keV (observer’s frame) shows soft excesses in three of the objects; in the spectrum of PG 1247+267 the reflection
component is dominant. The vertical dotted line marks the position of 6.4 keV in the rest frame. Positive residuals can be identified in
the spectra of Q 0144−3938, PG 1247+267 and SBS 0909+532, indicating the presence of iron emission. Co-added MOS residuals are
shown in black, PN in grey.
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a given optical luminosity (Zamorani et al. 1981; Worrall
et al. 1987; Wilkes et al. 1994). Because radio-quiet QSOs
(RQQs) are fainter in the X-ray band, the high through-put
of the XMM-Newton X-ray telescopes makes the EPIC in-
struments ideal for an X-ray investigation of distant RQQs.
The aim of this study is to investigate the properties of the
central engine in some of the most luminous QSOs (i.e., the
extreme end of the accretion rate, black hole mass and/or
luminosity parameter space). It is possible to do this with
RQQs since the jet is thought not to contribute significantly
to the X-ray emission, whereas, in radio-loud quasars, Syn-
chrotron or inverse Compton emission from a relativistic jet
may dilute some of the spectral features (such as the iron
line or soft excess) which are thought to originate from the
accretion disc.
2 XMM-NEWTON OBSERVATIONS
Table 1 lists the dates and the instrumental set-up for each
of the EPIC observations, while Table 2 gives the redshifts,
Galactic absorbing column and radio measurements for each
of the QSOs. A value of RL < 1 defines the AGN as being
radio-quiet, where RL is given by the log of the ratio of the
radio (5 GHz) to optical (B-band) fluxes (Wilkes & Elvis
1987; Kellerman et al. 1989).
The pipeline-produced event-lists were filtered using
xmmselect within version 5.4 of the sas (Science Analy-
sis Software); single- and double-pixel events (patterns 0–4)
were used for the PN, while patterns 0–12 were chosen for
the MOS instruments. Spectra were extracted within a small
circular region, centred on the source, with a radius of be-
tween 25 and 40 arcsec, depending on the source brightness.
(Smaller regions were used for the fainter sources, to min-
imise the contribution from the background.) Background
spectra (within the same size, or larger, region) were pro-
duced from an off-set position free of other sources. MOS
1 and MOS 2 spectra were subsequently co-added, after
confirmation that the results were consistent. Source and
background light-curves were also extracted for each object.
Time intervals of relatively high, flaring background were
identified for both of the PG QSOs, and these periods were
excluded from the following analysis. None of the source
light-curves showed variability over the duration of the ob-
servations after the removal of the background, however. Af-
ter grouping the spectra to obtain a minimum of 20 counts
per bin, version 11.1.0 of Xspec was used to analyse the
data. The most recent (time-dependent) response matrices
(rmfs) were used when fitting the spectra, together with an
ancillary response file (arf) generated by running arfgen
within the sas. The rmfs take into account the degradation
of the instruments over the years since launch, and specifi-
cally model how the Charge Transfer Inefficiency (CTI) has
changed. Optical/UV magnitudes were obtained from the
Optical Monitor where possible and these are discussed in
Section 4. Errors are given at the 90 per cent level (e.g.,
∆χ2 = 4.6 for 2 interesting parameters). Throughout this
paper, a WMAP Cosmology of H0 = 70 km s
−1 Mpc−1, Cos-
mological constant Ωλ = 0.73 and Ωm = 1-Ωλ is assumed;
for comparison with previous conventions, using q0 = 0.1
and H0 = 70 km s
−1 Mpc−1 would give slightly smaller lu-
minosity distances: a factor of ∼0.93–0.97 (z = 0.224–2.038)
compared to the values used here.
3 ANALYSIS OF EPIC DATA
3.1 The iron K band
Throughout the analysis, the co-added MOS and PN spec-
tra were found to give consistent results, so the values given
in this paper are those for joint fits to the instruments. A
simple power-law fit over the 0.2–10 keV band showed sig-
nificant curvature in all five spectra (Figure 1). For three of
the QSOs, upward curvature was found at low (<1–2 keV
observer’s frame) energies, indicating soft excess emission;
although the panel for PG 1634+706 does not show an ob-
vious excess of counts at lower energies, it was found to be
better fitted by the inclusion of a soft excess component
(see Section 3.2). The last panel of Figure 1 (PG 1247+267)
shows an excess of counts in the high-energy portion of
the spectrum. To avoid the curvature, the spectra over the
rest-frame 2–10 keV bands were initially investigated. First,
a power-law model, attenuated by neutral absorption, was
tried, where NH was fixed at the Galactic value for each
object, calculated using the nh ftool (Dickey & Lockman
1990). Next a Gaussian component was included for each
spectrum, to measure emission from Fe Kα; if such a line
was insignificant, then only the upper limit on the equiva-
lent width is quoted in Table 3. As the table shows, two of
the objects did not require any iron emission components.
The remaining three QSOs, however, did show significant
evidence for neutral Fe K emission, at > 99 per cent confi-
dence, according to an F-test.
Allowing the width of the line in Q 0144−3938 to vary
improved the fit slightly over a narrow line model (null
probability of 1.7 × 10−2); the best-fit line was found to
have an intrinsic width of σ ∼ 0.15 keV. The spectrum of
SBS 0909+532 also showed evidence for a line, but it was
not possible statistically to differentiate between a narrow
and a broadened component; hence, the 90 per cent upper
limit to the width is given in Table 3. Finally, PG 1247+267
showed iron emission as well. This line was also better mod-
elled with a broad component, with an EW of ∼ 400 eV
for a width of σ ∼ 0.52 keV (decrease in χ2/dof of 5/1,
compared to a narrow line; the F-test null probability for
this is 8.9 × 10−3). It should be noted that Protassov et al.
(2002) have shown that the F-test may not be an appropri-
ate statistic for determining the significance of marginal line
parameters and should be used with caution. Thus, although
there is evidence that the iron line may be broadened, no
definite statement can be made.
None of the five QSO spectra showed any evidence for
iron absorption edges at >∼7 keV, in contrast to PDS 456,
for example (Reeves, O’Brien & Ward 2003), which is also
a high-luminosity radio-quiet AGN.
3.2 Broad-band X-ray continuum
Since three of the QSOs in this sample are at z > 1, the
presence of a Compton reflection hump was investigated,
using the model pexrav (Magdziarz & Zdziarski 1995) in
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Table 1. Information about the observations and XMM-Newton configurations for the QSOs. a This first observation of SBS 0909+532
was wiped out due to high background; b ‘clean’ exposure times are given, after excluding periods of high background flares; c lw – large
window, ff – full-frame
Object Obs. ID Obs. date exposure time (ks)b filter modec
(rev.) MOS 1 MOS 2 PN MOS/PN MOS 1 MOS 2 PN
Q 0144−3938 0090070101 2002-06-18
(0462)
32.3 32.3 28.1 medium lw lw ff
UM 269 0090070201 2002-01-05
(0380)
20.3 20.3 16.3 medium lw lw ff
PG 1634+706 0143150101 2002-11-22
(0541)
13.7 13.7 12.6 medium ff ff ff
SBS 0909+532a 0143150301 2003-04-17
(0614)
12.9 12.9 10.7 medium ff ff ff
0143150601 2003-05-18
(0630)
17.0 17.1 13.8 medium ff ff ff
PG 1247+267 0143150201 2003-06-18
(0645)
24.0 24.0 19.0 medium ff ff ff
Table 2. Information about the five QSOs in this sample. E(B−V) values taken from NED. The radio fluxes were measured at 1.5 GHz.
(i) NRAO/VLA Sky Survey (Condon et al. 1998); (ii) Wadadekar & Kembhavi (1999); (iii) Vignali et al. (1999); (iv) Barvainis, Lonsdale
& Antonucci (1996); (v) Reeves & Turner (2000); (vi) FIRST survey (Becker, White & Helfand 1995); (vii) Kellerman et al. (1989)
Object RA dec. redshift Galactic NH E(B−V) radio flux RL reference
J2000 J2000 (1020 cm−2) density (mJy)
Q 0144−3938 01:46:12.5 −39:23:5.0 0.244 1.44 0.014 2.5 <0.2 (i)
UM 269 00:43:19.7 00:51:15.0 0.308 2.30 0.02 1.1 0.67 (ii), (iii)
PG 1634+706 16:34:28.9 70:31:33 1.334 4.48 0.04 1.65 −0.59 (iv), (v)
SBS 0909+532 09:13:1.6 52:59:29.1 1.376 1.6 0.015 1.09 −0.92 (vi)
PG 1247+267 12:50:5.6 26:31:9.8 2.038 0.9 0.013 1.17 0.36 (vii)
Figure 2. The best fit to the broad-band spectrum of
PG 1247+267 includes a strong reflection component, as this un-
folded plot shows. There is also a correspondingly strong, broad
Fe Kα emission line. PN data only are shown for clarity.
Xspec. In the standard model of AGN, reflection can oc-
cur from the accretion disc and/or molecular torus (e.g.,
Lightman & White 1988; George & Fabian 1991). At z = 1,
the XMM-Newton band extends up to 20 keV in the rest
frame, so it might be expected that any spectral flattening
due to reflection would be observable. Since reflection com-
ponents can also affect the lower-energy spectra, these fits
were conducted over the full 0.2–10 keV energy band. The
results of this model, given in Table 4, show that only in
PG 1247+267 was a reflection component significantly de-
tected; upper limits are given for the remaining four objects.
For PG 1247+267, a simple power-law plus Gaussian fit over
the broad-band gave a reduced χ2 value of 270/295; the in-
clusion of the reflection parameter decreased this to 236/294,
giving a null probability of 3.3 × 10−10. The component in
PG 1247+267 is strong, with R ∼ 2, and is required in ad-
dition to the broad line; R is defined to be Ω/2pi, where Ω is
the solid angle subtended by the scattering medium. Thus,
for a value of R > 1, the indication is that reflection is
occuring from >2pi steradian, which is unphysical; possible
explanations are discussed in Section 5.
As one would expect the strength of the Compton re-
flection hump to scale directly with the equivalent width of
the iron line for a given photon index and disc inclination,
the iron line equivalent width was linked to the strength of
the reflection component, R, within the pexrav model. To de-
termine the scaling between R and the line equivalent width,
the model of George & Fabian (1991) was used, appropriate
for reflection off neutral matter. In the case where the con-
tinuum photon index is Γ ∼ 2.3, with an inclination angle for
the reflector of 30 degrees to the line of sight, a reflection
component with R = 1 should produce an iron line with
an equivalent width of ∼ 120 eV. Refitting this reflection
model to PG 1247+267 then resulted in a slightly weaker
iron line, with an equivalent width of 259 ± 74 eV, whilst
c© 0000 RAS, MNRAS 000, 000–000
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Table 3. Fits over the 2–10 keV energy band; 90 per cent errors (Q 0144−3938, SBS 0909+532 and PG 1247+267) and upper limits
(UM 269 and PG 1634+706) are given for the EW of the iron line. The width of the lines have been corrected to the rest-frame of the
objects in question. The F-test null probability compares the fit with the iron line to that with only the power-law, with the number of
extra free parameters in brackets. .
Object Fit Model Γ Line σ Equivalent χ2/dof F-test null
Energy (keV) (keV) Width (eV) prob. (free param.)
Q 0144−3938 1 PL 1.78 ± 0.05 343/369
2 PL+GA 1.82 ± 0.05 6.45 ± 0.06 0.15 ± 0.1 215 ± 80 317/366 2.36×10−6 (3)
UM 269 1 PL 1.68 ± 0.10 211/198
2 PL+GA 1.69 ± 0.10 6.4f 0.01f <80 210/197 0.334 (1)
PG 1634+706 1 PL 2.19 ± 0.05 285/296
2 PL+GA 2.19 ± 0.05 6.4f 0.01f <72 284/295 0.309 (1)
SBS 0909+532 1 PL 1.71 ± 0.05 205/227
2 PL+GA 1.73 ± 0.06 6.42 ± 0.11 <0.49 200 ± 75 196/224 6.41×10−3 (3)
PG 1247+267 1 PL 2.15 ± 0.07 123/160
2 PL+GA 2.23 ± 0.10 6.30 ± 0.36 0.52 ± 0.35 421 ± 215 112/157 2.04×10−3 (3)
Figure 3. 68, 90, 95 and 99 per cent confidence contours (two
interesting parameters) for the strength of the reflection param-
eter in PG 1247+267 against photon index. The data are not
consistent with zero reflection.
the strength of the corresponding reflection component is
then R = 2.2 ± 0.7, consistent with the previous fit. The
energy and velocity width of the line are largely unchanged,
with E = 6.35 ± 0.51 keV and σ = 0.53 ± 0.37 keV. The re-
flection component is clearly detected in Figure 1, with a null
probability of 5.4 × 10−10 (for the presence of both the line
and reflection component); this corresponds to ∆χ2 = 40
for three degrees of freedom. The reflection hump is con-
sistent with the strong line observed and the fit with both
the broad line and reflector is shown in Figure 2. Figure 3
shows the confidence contours for the strength of the reflec-
tion and the power-law slope, demonstrating clearly that the
data are inconsistent with a reflection parameter of zero at
>99 per cent.
Extrapolating the best fit 2–10 keV models over the
full XMM-Newton bandpass showed obvious soft excesses
(Figure 1) in three of the five QSOs; fit 3 in Table 5 gives
the reduced χ2 value for this extrapolation. The soft excess
emission appear strongest in those QSOs at the lower red-
shifts; however, this is mainly a selection effect, since the
soft excess will be shifted out of the XMM-Newton energy
bandpass as the redshift increases. Likewise, at higher z, any
reflection component in the spectrum will be shifted into
Table 4. Compton reflection fits to the data. The reflection com-
ponent, modelled using pexrav, is given by R = Ω/2pi. These val-
ues were obtained by modelling the broad-band (0.2–10 keV) X-
ray spectra of the objects. F-test probabilities are given for one
additional degree of freedom.
Object Reflection parameter F-test null prob.
Q 0144−3938 <1.33 0.341
UM 269 <2.00 0.999
PG 1634+706 <0.72 0.567
SBS 0909+532 <1.1 0.999
PG 1247+267 2.87 ± 0.96 3.3 × 10−10
the hard band, making high-energy curvature more obvious
in the data. The most straightforward, if not particularly
physical, method for modelling the soft excess is the inclu-
sion of blackbody (BB) components. As Table 5 shows, the
objects were generally best fitted with one or two BBs in
addition to the power-law (fits 5 and 6); however, the fit to
Q 0144−3938 improves enormously with the addition of a
warm absorber component (modelled with absori in Xspec),
in the rest-frame of the AGN. The presence of this compo-
nent was suggested in Figure 4 by a dip in the spectrum
around 0.6–0.8 keV. The main component of this warm ab-
sorber are edges corresponding to Ovii and Oviii. The other
QSOs showed no evidence for excess NH and upper limits
for cold absorption are given in Table 5. It was found that
there was only weak evidence for a soft emission compo-
nent in PG 1247+267, with the reflection component ac-
counting for most of the spectral curvature. Alternatively,
the spectral shape of PG 1247+267 can be modelled by
a much flatter power-law, together with three blackbody
components and the broad line, but no Compton reflection
hump. For Γ = 1.61 ± 0.14 and blackbody temperatures of
kT = 0.067 ± 0.014, 0.267 ± 0.045 and 0.702 ± 0.089 keV,
a χ2 value of 229 for 288 degrees of freedom is obtained.
However, this model is inconsistent with the presence of the
strong emission line, which is an indication that a reflec-
tion component should be present (assuming the reprocess-
ing medium is Compton-thick).
c© 0000 RAS, MNRAS 000, 000–000
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An alternative method for modelling the curvature is us-
ing a broken power-law to model the entire spectrum; these
fits are quoted in Table 6. For four of the QSOs, the break
energies for the broken power-law (given in the rest-frame)
are 1–4 keV, indicative of modelling soft excess emission;
PG 1247+267 shows spectral hardening at higher energies,
which is more suggestive of reflection, agreeing with the pre-
vious fits. Only the spectrum of SBS 0909+532 can be fit-
ted statistically as well with a broken power-law as with
the power-law/blackbody model. However, for the case of
PG 1634+706, including an additional rest-frame absorp-
tion component [NH = (16 ± 2) × 10
20 cm−2] actually im-
proves the fit, despite there being no evidence for such ab-
sorption when modelling the spectrum with a power-law and
blackbody. Blackbody spectra curve over at lower energies,
while power-laws don’t; Figure 1 shows that the spectrum
of PG 1634+706 does roll over slightly at the low energies,
hence the requirement for the excess absorption. This fit
results in χ2/dof = 487/506, a decrease of seven for one de-
gree of freedom, compared to the blackbody fit. UM 269,
SBS 0909+532 and PG 1247+267 still show no sign of an
increased column density.
Table 7 lists the 2–10 and 0.2–10 keV fluxes and
unabsorbed luminosities, derived from the best-fit power-
law/blackbody models. Note that SBS 0909+532 is a gravi-
tational lens (Kochanek et al. 1997; Oscoz et al. 1997; Leha´r
et al. 2002); hence, the luminosity estimated from the fits is
much too high. Chartas et al. (2000) estimate that the lumi-
nosity of this object is enhanced by a factor of fifteen, thus
the values determined from fitting the X-ray spectrum have
been scaled down by this amount in the tables and figures
in this paper.
Although blackbodies parametrize the soft excess very
well, the temperatures for these components are significantly
hotter than could be feasibly expected from a luminous QSO
accretion disc. There is a relationship between the disc tem-
perature, accretion rate and the mass of the black hole, given
by (Peterson 1997):
T (r) ∼ 6.3× 105
(
M˙
M˙Edd
)1/4
M
−1/4
8
(
r
Rsch
)−3/4
K (1)
For a black hole mass of ∼ 109 M⊙, the hottest temper-
ature (i.e., at an innermost radius of 3 Rsch, where the
Schwarzschild radius Rsch = 2GM/c
2) is ∼ 10 eV. The tem-
peratures found by fitting the soft excess with blackbody
components (Table 5) are much higher than this, generally
with kT >∼ 100 eV. This indicates that the excess seen is not
due to direct thermal emission from the accretion disc and
requires Compton up-scattering of the disc photons.
Inverse Comptonization of the thermal photons can
form both the soft excess and the apparent hard X-ray
power-law. This theory suggests that there is a population
of hot electrons, above the disc, which Comptonizes the disc
photons to produce the observed soft excess. The ‘power-
law’ at higher energies could also be formed by Comptoniza-
tion, but through interactions with a much hotter electron
corona. Comptonized spectra ‘roll over’ at ∼ 4kT; hence,
for a relatively cool (< 1 keV, say) electron population, the
component will be similar in shape to a BB, only somewhat
broader. For a hot electron population (∼100 keV), the spec-
Figure 4. After modelling the broad-band spectrum of
Q 0144−3938 with a power-law, two blackbodies and an iron line,
a dip can be seen in the spectrum around 0.6–0.8 keV (observer’s
frame); this indicates the presence of the warm absorber. MOS
data are plotted in black, PN in grey.
trum will appear power-law-like out to energies well beyond
the energy bandpass of most current X-ray instruments.
The Comptonization model used to fit these spectra was
thCompfe (Zdziarski, Johnson & Magdziarz 1996); the re-
sults are shown in Table 8 and the fits in Figure 5. The tem-
perature of the hottest Comptonizing distribution was set
to 200 keV, since the roll-off for the ‘power-law’ component
is expected to be outside the bandpass of XMM-Newton,
as explained above. This component will appear very simi-
lar to a power-law over this limited energy band. Modelling
the spectra with an actual power-law (with a Comptoniza-
tion component for the soft excess) leads to almost identical
fits; Comptonization of the disc photons by hot electrons
is, however, a plausible explanation for the formation of the
observed power-law emission. The model for Q 0144−3938
includes a similar value for excess absorption as for the
blackbody fit. The temperature of the disc photons will be
cooler than can easily be modelled over the XMM-Newton
band. Subsequently, an estimate of the accretion disc tem-
perature was made as follows: the luminosity at 2500A˚ (rest
frame) was estimated from the V -band magnitude assuming
an slope of 0.7; from Elvis et al. (1994), a typical QSO has a
median bolometric to 2500A˚ luminosity ratio of LBol/L
2500A˚
of 5.6. This allowed an estimate of the black hole mass to
be obtained (Table 7), since
LEdd =
4piGMmpc
σT
≈ 1.3× 1038
M
M⊙
ergs−1 (2)
This estimate will be a lower-limit to the mass, since it has
been assumed that accretion occurs at the maximum Ed-
dington rate. Taking an accretion rate of M˙Edd to be a typ-
ical value for high luminosity QSOs, the temperature of the
disc was calculated for each object, for a radius of 3Rsch,
using Equation 1. The resultant temperatures were rounded
to the nearest 5 eV, and are listed in the fourth column of
Table 8.
Two comments must be made about these Comptoniza-
tion fits. Firstly, the resulting model was largely insensitive
to the estimated disc temperatures, because they are so low.
Secondly, the geometry of AGN is unknown: it could be that
some disc photons are Comptonized to soft excess energies,
while others directly interact with the hotter electron pop-
c© 0000 RAS, MNRAS 000, 000–000
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Table 5. Fits over the 0.2–10 keV energy bands; the F-test values are given for each blackbody model compared to the previous fit.
The Fe lines present in Q 0144−3938, SBS 0909+267 and PG 1247+267 were fixed to the values determined over the 2–10 keV band.
The ‘EXTRAP. PL’ fit refers to the χ2 value obtained if the power-law fitted to the 2–10 keV rest frame is simply extrapolated over
the full 0.2–10 keV band. The fits for PG 1247+267 also include a reflection component, REF (see Table 4). a blackbody temperature;
b absorption component; c ionization of the warm absorber; d This soft emission component is only marginally significant.
Object Fit Model Γ kTa kTa NbH ξ
c χ2/dof F-test null
(keV) (keV) (1020 cm−2) probability
Q 0144−3938 3 EXTRAP. PL 1.82 ± 0.05 3289/754
4 PL 2.07 ± 0.05 2112/754
5 PL+BB 1.74 ± 0.04 0.095 ± 0.003 956/752 1.00× 10−99
6 PL+2BB 1.54 ± 0.07 0.103 ± 0.003 0.488 ± 0.030 902/750 3.39× 10−10
7 (PL+2BB)*ABS 1.81 ± 0.05 0.123 ± 0.008 0.283 ± 0.020 97 ± 29 98± 32 828/748 1.25× 10−14
UM 269 3 EXTRAP. PL 1.68 ± 0.10 1824/514
4 PL 1.93 ± 0.03 621/514
5 PL+BB 1.84 ± 0.04 0.120 ± 0.016 564/512 1.97× 10−11
6 PL+2BB 1.59 ± 0.10 0.104 ± 0.011 0.311 ± 0.035 <8 533/510 5.49× 10−7
PG 1634+706 3 EXTRAP. PL 2.19 ± 0.05 606/509
4 PL 2.11 ± 0.02 548/509
5 PL+BB 1.96 ± 0.05 0.404 ± 0.027 <7 494/507 3.79× 10−12
SBS 0909+532 3 EXTRAP. PL 1.73 ± 0.06 514/428
4 PL 1.81 ± 0.01 424/428
5 PL+BB 1.64 ± 0.05 0.274 ± 0.034 375/426 4.36× 10−12
6 PL+2BBd 1.60 ± 0.04 0.102 ± 0.039 0.335 ± 0.038 <1 367/424 1.00× 10−2
PG 1247+267 3 EXTRAP. PL 2.23 ± 0.10 287/295
4 PL 2.18 ± 0.02 270/295
4.5 PL+REF 2.34 ± 0.04 236/293 2.73× 10−9
5 PL+REF+BBd 2.30 ± 0.05 0.050 ± 0.020 <9 230/291 2.00× 10−2
Table 6. Broken power-law fits to the broad-band spectra; absorption/Gaussian components are included as before. Γsoft is the photon
index below the break energy (Ebreak), Γhard above. The break energy is given in the QSO rest frames. The final column gives the
change in χ2/degrees of freedom between the broken power-law fits and power-law/blackbody model; a negative sign demonstrates that
the χ2 value is lower for the blackbody fit.
a See text for an alternative fit, including absorption.
Object Fit Model Γsoft Ebreak Γhard χ
2/dof ∆χ2/dof
Q 0144−3938 8 BKNPL 2.20 ± 0.03 3.35 ± 0.76 1.82 ± 0.06 848/750 −20/2
UM 269 8 BKNPL 2.07 ± 0.03 2.68 ± 0.43 1.65 ± 0.08 544/512 −11/2
PG 1634+706a 8 BKNPL 2.12 ± 0.01 1.63 ± 0.38 1.84 ± 0.17 541/507 −47/1
SBS 0909+532 8 BKNPL 1.95 ± 0.05 3.80 ± 0.81 1.58 ± 0.08 368/426 −1/2
PG 1247+267 8 BKNPL 2.24 ± 0.04 7.93 ± 1.73 1.63 ± 0.24 239/293 −9/2
Table 7. Fluxes and luminosities over the 2–10 keV (rest frame) and 0.2–10 keV (observer’s frame) energy bands, calculated from the
power-law plus blackbody models. The luminosities of SBS 0909+532 have been decreased by a factor of fifteen due to the object being
a gravitational lens; the fluxes, however, are the actual observed values. The sixth column gives the rest-frame energy range to which the
XMM-Newton band of 0.2–10 keV corresponds. The bolometric luminosities (estimated from 2500A˚) and (lower-limit) black hole masses
are also quoted.
2–10 keV (rest-frame) 0.2–10 keV (observer’s frame)
Object flux luminosity flux luminosity rest frame bolometric black hole
(erg cm−2 s−1) (erg s−1) (erg cm−2 s−1) (erg s−1) XMM-Newton
band
luminosity
(erg s−1)
mass (M⊙)
Q 0144−3938 1.21 × 10−12 2.32 × 1044 2.58 × 10−12 6.60 × 1044 0.25–12.44 2 × 1046 2 × 108
UM 269 8.90 × 10−13 2.80 × 1044 1.92 × 10−12 6.54 × 1044 0.26–13.08 7 × 1045 5 × 107
PG 1634+706 1.16 × 10−12 1.32 × 1046 2.98 × 10−12 3.30 × 1046 0.47–23.34 2 × 1048 1 × 1010
SBS 0909+532 3.70 × 10−13 5.18 × 1044 1.53 × 10−12 1.29 × 1045 0.48–23.76 4 × 1046 3 × 108
PG 1247+267 6.00 × 10−14 9.21 × 1045 7.00 × 10−13 2.78 × 1046 0.61–30.38 1 × 1048 1 × 1010
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ulation, forming the hard power-law. Alternatively, the two
Comptonizing electron populations could be ‘layered’, such
that some photons are first Comptonized by the warm, ‘soft
excess’ population, before undergoing further Comptoniza-
tion with the hotter electron cloud (due to the disc corona).
If this were to be the case, then the input temperatures for
the two components should not be the same. The results
given in Table 8 assume the first of these possible scenar-
ios. The fits were also tried allowing the input photons to
the hotter Comptonizing electrons to have a varying tem-
perature; however, statistically the fits could not be differ-
entiated for these spectra. Since it was found earlier that the
spectrum of PG 1247+267 could be well described without a
soft excess component if reflection were included, these data
were not modelled with the Comptonization components.
4 OM DATA
With the exception of UM 269, OM observations were ob-
tained for the AGN in this sample; Table 9 lists the magni-
tudes found in each band. Also given is αox, the two-point
optical to X-ray spectral index. As for estimating the bolo-
metric luminosity, a typical optical slope of 0.7 (fν ∝ ν
−0.7)
was assumed, to convert the OM UV flux at 2120 A˚ (ob-
server’s frame; for UM 269, the V-band flux at 5500 A˚ was
used) to an estimate of the value at 2500 A˚ (in the rest
frame), needed for the definition of αox, which is:
αox =
log
fν(2keV )
fν(2500A˚)
log
ν(2keV )
ν(2500A˚)
(3)
SEDs (Spectral Energy Distributions) were produced,
showing the Comptonization fit over the XMM-Newton
band, together with the OM optical/UV points, and are
plotted in Figure 6. There is an added complication for
the objects at higher redshift, however. For PG 1634+706,
SBS 0909+532 and PG 1247+267, some of the Optical Mon-
itor data points are very close to the Lyman limit of 912 A˚;
a vertical dotted line indicates 912 A˚ in Figure 6. With-
out applying a correction factor, the optical/UV data points
would be seen to fall with increasing frequency, since some of
the higher-frequency photons have been absorbed. Barvainis
(1990) plots an SED for PG 1634+706 at frequencies lower
than ∼ 2 × 1015 Hz, where the spectrum can be seen to be
rising as the frequency increases. Similarly, Koratkar, Kin-
ney & Bohlin (1992) show a UV spectrum of PG 1247+267,
where absorption below ∼ 2000 A˚ can clearly be seen. The
measurements which fall between Lyα (1216 A˚) and Lyβ
(1026 A˚), or between Lyβ and the limit of the series, have
been corrected by the mean values for the Lyman line ab-
sorption given by O’Brien, Gondhalekar & Wilson (1988).
Beyond the Lyman limit, absorption by the continuum is
also important. This correction factor is, however, uncertain,
so the two highest frequency UV points in PG 1247+267
have only been corrected for the line absorption, not the ad-
ditional continuum absorption; therefore, the UV spectrum
in this case is reddened.
5 DISCUSSION
In this paper, optical to X-ray SEDs have been investi-
gated for high luminosity, radio-quiet QSOs, ranging from
∼ 7 × 1044 to 3 × 1046 erg s−1 over the X-ray band (7 × 1045
– 2 × 1048erg s−1 bolometric).
When fitting the rest-frame 2–10 keV band, the
mean photon index for the five QSOs in this sample is
Γ = 1.93 ± 0.02. Despite the sample being small, this
value is in very good agreement with the slopes measured in
ASCA spectra by Reeves & Turner (2000), for which a mean
slope of 1.89 ± 0.05 was found for the radio-quiet QSOs,
and also with Ginga results (Lawson & Turner 1997). Sim-
ilarly, Page et al. (2003a) also obtained an average value
of 1.89 ± 0.04, for a sample of lower luminosity serendip-
itous XMM-Newton-detected QSOs. This value of Γ ∼ 1.9
is the same as that found for Seyfert 1 galaxies by Nandra
& Pounds (1994). The mean αox for this sample was found
to be −1.48. This is somewhat flatter than other surveys of
QSOs have found (e.g., 1.66 – Page et al. 2003a; 1.56–1.78,
Vignali et al. 2001), but the result is not surprising, since
the five objects in this sample were selected from luminous
AGN in the ROSAT All Sky Survey and are, therefore, X-
ray bright. αox has been previously found to become steeper
with increased luminosity (e.g., Wilkes et al. 1994; Vignali,
Brandt & Schneider 2003). This small sample confirms these
results, with a simple Spearman Rank correlations giving a
probability of 98 per cent.
The vast majority of luminous AGN (Turner & Pounds
1989; Pounds & Reeves 2002) show soft excesses – that is,
emission above the extrapolation of a power-law, fitted to
the 2–10 keV (rest frame) energy band, at energies <∼ 1 keV.
Four of the QSOs in this sample show soft excess emission
very clearly; the evidence is only marginal for PG 1247+267,
where the reflection component provides the observed cur-
vature in the spectrum at higher energies. It should be noted
that, at higher redshifts, cool soft excesses will become more
difficult to detect, due to the shift in the rest-frame energy-
band to higher values. PG 1247+267 shows a weak indica-
tion for a blackbody component of kT ∼ 50 eV, which, at
z = 2.038, is mainly shifted out of the bandpass of XMM-
Newton. Alternatively, if the spectrum is modelled without
a reflection parameter, then PG 1247+267 shows a very hot
soft excess (highest blackbody kT of ∼ 0.7 keV); this lack of
reflection is not consistent with the strong iron line, though,
unless the reprocessing material is Compton-thin..
Thus, it appears that high-luminosity radio-quiet
AGN have identical X-ray continuum properties to lower-
luminosity QSOs and Seyfert 1 galaxies. The objects in
this sample cover a range of X-ray luminosities between
∼ 7 × 1044 and 3 × 1046 erg s−1, whereas Seyfert galax-
ies typically cover a range of ∼ 1042–1044 erg s−1 (Nandra
& Pounds 1994). This indicates that the AGN X-ray contin-
uum shape remains essentially constant over a wide range
of black hole mass and luminosity.
Two components are required to model the broad-band
X-ray continuum. These can be explained through Comp-
tonization of photons from the accretion disc: the hard X-ray
power-law is produced through an interaction with hot (pos-
sibly non-thermal) electrons in a corona above the accretion
disc. A second, cooler population of electrons (∼ 0.5 keV,
rather than > 100 keV) produces the soft excess; these elec-
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Table 8. Double-Comptonization fits to the data. The absorption component was included for Q 0144−3938. a input blackbody tem-
perature; b electron temperature; c optical depth; f frozen
cooler comptonized component hotter comptonized component
Object Fit Model kTa,f
bb
kTbe τ
c kTa,f
bb
kTb,fe Γ χ
2/dof
(eV) (keV) (eV) (keV)
Q 0144−3938 9 2thCompfe 20 0.261 ± 0.016 32 ± 4 20 200 1.90 ± 0.04 836/749
UM 269 9 2thCompfe 30 0.496 ± 0.168 13 ± 3 30 200 1.62 ± 0.09 544/512
PG 1634+706 9 2thCompfe 10 0.420 ± 0.060 40 ± 18 10 200 1.95 ± 0.05 541/506
SBS 0909+532 9 2thCompfe 10 0.491 ± 0.169 15 ± 5 10 200 1.60 ± 0.05 368/425
Figure 5. Unfolded plots showing the Comptonization fits to the spectra of Q 0144−3938, UM 269, PG 1634+706, SBS 0909+532 and
PG 1247+267. As before, Q 0144−3938 includes additional absorption.
trons are still much hotter than the accretion disc itself,
though, which has a temperature of kT <∼ 30 eV. It is not
yet clear how the soft excess electrons are heated. One pos-
sibility is that some areas of the accretion disc are irradiated
by the hot electron corona; this could lead to ‘hot-spots’ on
the accretion disc, where a warm, mildly ionized layer could
Comptonize the thermal optical/UV photons to the soft ex-
cess temperatures (e.g., di Salvo et al. 2001). Alternatively,
the regions of the disc heated by the flares could thermalise
the radiation, forming a blackbody spectrum with a temper-
ature higher than that of the mean disc emission (Haardt,
Maraschi & Ghisellini 1994). The size of this soft-excess-
forming ‘region’ can be estimated by assuming that the emis-
sion is blackbody in nature (since τ >> 1, this is a valid
approximation); taking the emitting region to be circular,
and performing this calculation, leads to a radius of ∼1011–
1012 m. For a black hole of mass 109 M⊙, the Schwarzschild
radius is ∼ 3 × 1012 m – i.e., the emitting region is actually
smaller than Rsch This implies that the warmer region is
patchy, rather than covering the entire surface of the disc;
likewise, the hot, flaring (coronal) regions must also be small.
This result is also consistent with some of the disc photons
c© 0000 RAS, MNRAS 000, 000–000
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Table 9. Optical and UV magnitudes obtained from the OM. The corresponding wavelengths for the different bands are: V – 550 nm;
B – 440 nm; U – 360 nm; UVW1 – 291 nm; UVM2 – 231 nm; UVW2 – 212 nm. The last column gives the calculated two-point optical
to X-ray slope, αox. a The V-band magnitude for UM 269 has been taken from the Hewitt & Burbidge catalogue (Hewitt & Burbidge
1993), since no OM data were obtained.
mean optical and UV magnitudes
Object V B U UVW1 UVM2 UVW2 αox
Q 0144−3938 — 16.7 15.6 15.5 — 15.1 −1.47
UM 269 17.85a — — — — — −1.40
PG 1634+706 14.8 — 14.1 — — 14.1 −1.57
SBS 0909+532 — — — 15.4 15.8 15.8 −1.44
PG 1247+267 — — — 15.0 15.3 15.6 −1.55
Figure 6. Spectral Energy Distributions, plotting the EPIC and (dereddened) OM data. The vertical dotted line signifies the Lyman
limit (912 A˚). The abscissa gives the frequency in the rest frame. The EPIC data were modelled with two thComp components, and the
unabsorbed data have been plotted. The OM points (shown as stars) have been dereddened and corrected for Lyman line absorption.
Note, however, that the two points at higher frequencies than the Lyman limit in PG 1247+267 have only been corrected for absorption
due to the Lyman lines, not the Lyman continuum as well; they are, therefore, too red.
being observed directly as the optical/UV emission, while
yet more interact with the hot electron corona to form the
observed power-law.
Iron lines were commonly identified in AGN spectra
by Ginga observations (Pounds et al. 1989; Pounds et al.
1990; Nandra et al. 1991; Nandra & Pounds 1994). With
the improved resolution of current instruments, it is some-
times possible to differentiate between narrow (<10 eV; un-
resolved by an instrument such as XMM-Newton) and broad
lines. To date, few broad lines have been found in XMM-
Newton spectra of AGN, examples being Q 0056−363 (Por-
quet & Reeves 2003), MCG−5−23−16 (Dewangan, Griffiths
& Schurch 2003), MCG−6−30−15 (Fabian et al. 2002b),
Mrk 205 (Reeves et al. 2001) and Mrk 509 (Pounds et al.
2001). Nandra et al. (1997) reported a Baldwin effect for the
broad lines in ASCA data – that is, as the X-ray luminosity
of the source increases, the strength of the broad line dimin-
ishes. The same Baldwin effect has been identified for the
narrow iron lines in XMM-Newton observations (Page et al.
2004). Also, both Reeves et al. (1997) and Lawson & Turner
(1997) found that reprocessed features (such as the iron Kα
line and reflection humps) were less common in QSOs than
in the lower-luminosity Seyferts. Thus, it is rather surpris-
ing to find a strong, apparently broad line, together with
c© 0000 RAS, MNRAS 000, 000–000
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a clear reflection component, in such a luminous QSO as
PG 1247+267 (broad-band X-ray luminosity of ∼ 2 × 1046
erg s−1). Both the strength and velocity width of the line
(σ = 30 000 km s−1) imply that the reflection is occuring
off the inner accretion disc, rather than distant matter, such
as the torus. The line is also much stronger than the nar-
row component of the Fe lines observed from further out
(that is, from the Broad or Narrow Line Regions, or the
torus) in many Seyfert 1s; these narrow lines are typically
around 100 eV in equivalent width (e.g., Page et al. 2004;
Kaspi et al. 2001; Pounds et al. 2001; Reeves et al. 2001).
Q 0144−3938 was also better fitted with a broad, rather than
a narrow line, but is less luminous than PG 1247+267; it was
not possible to determine whether the line in the spectrum
of SBS 0909+267 was broad or narrow. 3C 273, a lumious
radio-loud quasar, has previously been reported to show ev-
idence for a broad line (Yaqoob & Serlemitsos 2000; Page et
al. 2004b), though much weaker than in PG 1247+267, with
an EW of ∼ 50 eV. PG 1247+267 seems to be the most lumi-
nous QSO to show a strong (apparently) broad line to date,
although there is some uncertainty about whether the line is
truly broad; the object also reveals the first clear detection
of a reflection component in a high-luminosity AGN.
Reeves & Turner (2000) found, in a sample of 62 QSOs
(both radio-loud and -quiet), that approximately half of the
iron emission lines seen were at energies >6.4 keV, implying
the lines originated from partially ionized matter. It seems
somewhat unusual that the lines reported in this paper ap-
pear neutral; however, the current sample of five (three de-
tections) is much smaller than in the Reeves & Turner (2000)
paper.
It should be noted that the reflection component found
in PG 1247+267 is very strong, even for an accretion disc:
R > 2 implies the reflection is occuring from > 4pi stera-
dian. There are a number of possible explanations for this. It
could be a geometrical phenomenon; i.e., part of the direct,
hard X-ray emission may be being obscured by structure
within the disc. In this case, the reflection would appear
enhanced (see, e.g., Fabian et al. 2002a). Alternatively, it
could be due to relativistic effects. Fabian & Vaughan (2003)
use gravitational light-bending as an argument for explain-
ing the very strong line (also ∼ 400-500 eV) observed in
MCG −6−30−15.
With the discovery of such a strong iron line and reflec-
tion component in PG 1247+267, a much longer observation
of the object (>19 ks of PN time as presented here) is de-
sirable, in order to investigate the spectral features more
thoroughly, including whether the line varies over time.
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